To genotype clinical Candida albicans isolates by randomly amplified polymorphic DNA (RAPD) method, this paper study molecular epidemiology of Candida albicans infection and discuss possible relationship between RAPD patterns and antifungal test results. 30 C. albicans isolates with corresponding patient's information and antifungal drug susceptibility test results were collected. All the isolates were genotyped by RAPD fingerprinting by employing primer OPE-03. Cluster analysis was performed by Neighbor Joining and unweighted pair-group method using an arithmetic average methods. Primer OPE-03 was suitable for fingerprinting analysis and was found to generate the reproducible fingerprints, yielding well-resolved banding patterns. Generally, the isolates can be divided into three clusters. RAPD fingerprinting can be used to genotype C. albicans; the RAPD patterns of C. albicans may be related to origins of fungi; it seems the RAPD patterns also related to drug resistance.
INTRODUCTION
Candida species are the most common fungal pathogens of humans and the causative agents of oral, gastrointestinal, and vaginal candidiasis, giving rise to severe morbidity in millions of individuals worldwide. Indeed, one of the biggest killers of the immunocompromised population is fungal infection. Candida species also cause mucosal diseases in the elderly and edentulous individuals, such as Candida-associated denture stomatitis (Ben Abdeljelil et al., 2011) . Furthermore, depending on the study, Candida infections are also the 3rd or 4th most common hospital-acquired infections including E. coli and Pseudomonas spp. bloodstream infection, making Candida species asmedically important *Corresponding author. E-mail: lqlv@shou.edu.cn. Tel: 0086-21-61900454. Fax: 0086-21-61900451 as many mainstream bacterial (Giusiano et al., 2006; Wisplinghoff et al., 2004) . Therefore, Candida pathogens carry an immense health burden and represent a major socioeconomic challenge for worldwide communities.
Candida albicans is one of the most frequently isolated yeasts in clinical laboratories. Different studies have shown that this organism accounts for up to 80% of the yeasts recovered from clinical specimens (Rex et al., 2000) . C. albicans has been associated with infections, as well as colonization, in both immuno-compromised and immunocompetent patients (Wade, 1993) . In the past few years, with an obviously increasing tendency of fungal infections caused by the use of antibiotics and immunosuppressant, C. albicans has become one of the major pathogens in immunocompromised patients (Richardson and Warnock, 2003) .
Recent advances in molecular biology based technology enable detailed analysis of the genetic diversity of C. albicans. Therefore, early and accurate diagnosis of an invasive fungal infection by DNAfingerprinting typing method is critical for timely and appropriate treatment. The polymerase chain reaction (PCR) can be adapted for fingerprinting micro-organisms by using paired primers derived from previously characterized sequences for PCR amplification. Several studies have suggested randomly amplified polymorphic DNA analysis (RAPD) as an easy and reliable tool for the identification of several pathogenic fungi (Mageep et al., 1992) . This method has the advantage that no prior sequence information is required, and particularly promising because of their simplicity, specificity, sensitivity and rapid screening (Shiragambi et al., 2011) . This paper describes the application of RAPD to the human fungal pathogen C. albicans. This study is aimed to iinvestigating the molecular epidemiology of C. albicans infection and discussing possible relationship between RAPD patterns and antifungal susceptibility test result.
MATERIALS AND METHODS

Clinical strains, media and growth conditions
30 Candida albicans isolates were included from clinical specimens from December, 2007 to April, 2008 in our hospital as well as one C. albicans type strain ATCC 90028. Samples were cultured on Sabourand dextrose agar (SDA), (Lab.M) at 37°C. Inoculated plates were examined after 48 h of incubation. Isolates from SDA were plated on CHROM agar (France) to ensure detection of mixed cultures. Cultures were incubated at 37°C for 72 h. Identification of Candida species were based on colony morphology and pigmentations on the CHROM agar. The identity of the clinical isolates as Candida isolates was confirmed by both biochemical (API 20C, Analytab Products, BioMerieux, France), and microbiological (germtube formation in serum-containing medium, color in CHROMagar Candida [CHROMagar, France] ) procedures.
Antifungal drug susceptibility test
Antifungal resistance profile of C. albicans strains was determined according to the ATB FUNGUS 2 (ATBF2) (bio-Mérieux, France) method, testing its susceptibility to amphotericin B, 5-flucytosine, fluconazole, itraconazole and voriconazole. The range of fluconazole concentration was 0.016-256 μg·ml -1 , and the other four drug indicator paper strips concentration were 0.002-32 μg·ml -1 . The result was assessed with antifugal drug susceptibility test standard recommended by CLSI M100-S18.
Molecular typing of C. albicans strains
Deoxyribonucleic acid (DNA) preparation
Candida species were grown on SDA plates for 24 to 48 h at 30°C. Single colonies were inoculated into 200 ml of YPD broth (1% yeast extract, 2% peptone, 2% glucose) and incubated in a shaking waterbath at 200 rpm and 30°C for 36 h. DNA was extracted from this culture by adaptation of the Lyticase-based method. DNA concentrations and A260/A280 ratios were determined using a spectrophotometer Lambda 1A (Perkin-Elmer, USA). An A260/A280 ratio of 1.8-2.1 was considered acceptable.
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RAPD-DNA PCR analysis
The primers used were OPE-03 5'CCAGATGCAC3' followed the reported method (Saran et al., 2008) . And further optimization. Conditions for amplification were pre-denaturation at 94°C for 3 min, denaturation at 94°C for 1 min, annealing at 36°C for 1 min, and extension at 72°C for 2 min for 40 cycles, with a 10-min extension at 72°C for the last cycle. The RAPD fragments were analyzed by electrophoresis on 1.2% agarose gels with ethidium bromide (10 ng/100 mL agarose solution in TBE). The bands were counted by starting from the top of the lanes. All visible and unambiguously scorable fragments amplified by the primers were scored under the heading of total scorable fragments. Bands were read from fingerprints generated by OPE-03 primer and a data matrix was generated for each primer by giving scores of 0 and 1 for the absence or presence of bands at each band position for all strains. The data matrix of individual isolates was finally combined to form a single matrix. A dendrogram was constructed, using the data matrix of all the different yeast isolated, based on Neighbor-joining (NJ) method and unweighted pair-group method with arithmetic means (UPGMA) using the Phylogeny Inference Package software (PHYLIP, version 3.67). The dendrogram was tested and optimized into cluster analysis by consense program and Treeview3.2 cladogram software. Isolates were considered different when the band similarity value was less than 95%. The results of the isolates defined the cut-off points used to group the strains into genetically related clusters.
RESULTS
Clinical isolates and drug resistance
30 C. albicans clinical isolates were obtained in Table 1 , including 9 isolates from SICU, 6 from surgery, 2 from neurology ICU, 6 from internal medicine and 7 from respiration department. 3 of the clinical isolates, Samples 8, 13, 30, were intermediate to 5-flumcytosine. Sample 1 and 29 were intermediate to fluconazole, but Sample 15 was resistant. Sample 3 was intermediate to itraconazole, and Samples 1, 15, and 29 were resistant. Sample 15 was resistant to voriconazole. Samples 9, 10 and 11, and Samples 8, 13 and 30 were different position collections from the same patients, respectively.
RAPD-DNA PCR analysis
RAPD profiles were obtained with primer OPE-03. The RAPD analyses were performed twice for each isolate. There was not any band amplified for Sample 15, while PCR products from other samples were steady and with abundant polymorphisms. Our results showed that each isolate generated different fingerprints in number (1~5) and size of bands for the given primer. We showed that the overall RAPD patterns were stable in repetitive experiments (Figure 1 ).
Cluster analysis of RAPD
The different banding positions of RAPD fingerprinting patterns of isolates of C. albicans were analysed using Phylip 3.67 restdist program. For the analysis of relationships among the strains, it constructs dendrograms by Neighbor-joining method and unweighted pair group method. Each lane pattern was compared to every other pattern through computations of a similarity coefficient, which is compared with the band positions (Figures 2 and  3) .
DISCUSSION
Techniques based on the morphology and phenotypic characteristics are adapted for clinical diagnosis, epidemiology, treatment and prevention of Candidiasis (Gupta et al., 2004) . The relatedness between solates is best investigated by DNA-based methods. The most frequent DNA-based methods used to differentiate yeast strains involve a variety of techniques such as pulsedfield gel electrophoresis (PFGE) and restriction fragment length polymorphism (RFLP) fingerprinting (Bostock et al., 1993; Khadraoui et al., 2011) . However, some of these methods are tedious, and time-consuming. The random amplified polymorphic DNA assay relies on the use of arbitrary primers which are annealed to genomic DNA in low stringent conditions. This technique has become one of the most commonly used for DNA fingerprinting of medically important Candida species (Gupta et al., 2004; Ben Abdeljelil et al., 2011) . RAPD methodology has the capability to identify Candida species rapidly, accurately, reliably, and simply early on in the disease process, which can be useful in providing genetic fingerprints for differentiation of C. albicans (Noumi et al., 2009 ). The random nature of RAPD refers to the specific primer used in the PCR; the primer is chosen at random from many permutations of nucleotides that are available for 9 or 10-mer primers. RAPD analysis showed that the more similar type of the bands, the more relatively conservative of the gene and higher genetic relationship (Bostock et al., 1993; Chen et al., 2005) . In our study, 30 clinical C. albicans isolates with corresponding patient information and antifungal drug susceptibility test results were collected. All the isolates were genotyped by RAPD fingerprinting by employing primer OPE-03. 30 C. albicans genotypes were separated into three clusters: Clusters I, II and III. The first cluster consisted of Samples 1, 2, 3, 4, 5, 8, 9, 10, 11, 12, 13, 14, 16, 17, 18, 27, 28 and 30 . The second cluster consisted of Samples 7, 19, 20, 22, 23, 24, 25 and 26 . The third cluster consisted of Samples 6, 21, 29, 14. Moreover, genetic distance between 24 of the strains was less than 0.01, with similarity coefficient more than 0.99, which was more than the threshold 0.08 for genetic correlation assessment (Bii et al., 2009; Sud et al., 2005) . We assumed that C. albicans isolates from each division in our hospital had a higher genetic homology and a closer relationship. Of note, 83% of the 6 strains from internal medicine showed 0 at the genetic distance from each other, with similarity coefficient 1. While in surgery, RAPD bands of the 6 strains showed a relatively remarkable disparity. Sample 3 and 8 belonged to the same cluster, and Samples 4, 6 and 7 belonged to different clusters. We believed that distribution of C. albicans isolates polymorphism was due to different clinical origins, since internal medicine wards in our hospital were relatively localized, while surgery wards were rather dispersed. Among the 7 strains from respiration department, 43% were in Cluster I, 29% in Cluster II. In Cluster I, 77.8% of the isolates were from internal medicine, department of neurology and respiration. Further, analyses of RAPD profiles of C. albicans isolates from each ward in internal medicine and respiration department, we found that 92.3% of 13 strains belonged to Cluster I and II, with genetic distance less than 0.01, suggesting a close relationship. Moreover, Sample 27 from internal medicine and 4 samples of respiration department belonged to the same Cluster I, while Sample 19 and 20 from respiration department and 5 samples of internal medicine belonged to the same Cluster II, which suggested there was a C. albicans cross-infection between internal medicine and respiration department, since RAPD bands of isolates from them were quite similar, with a high genetic homology. In this study, Sample 9, 10, 11 and Sample 8, 13, 30 were from the same patient respectively. Type of Sample 9, 10 and 11 was drainage fluid, tissue and sputum, respectively. Type of Sample 8, 13 and 30 was feces, duct and drainage fluid, respectively. In the cluster analysis, we found that the RAPD bands results of Candida albicans isolates from the same patient in different positions were in coincidence. The high genetic homology was likely due to a general systematic infection (Shiragambi et al., 2011; Sud et al., 2005) .
However, since the molecular mechanisms about drug resistance of C. albicans are complicated, we know little about the relationship between drug resistance phenotype of C. albicans and its DNA fingerprint. Thus, it will be of utmost significance to find out an objective correlation between drug resistance phenotype and DNA fingerprint for drug resistance detection by molecular methods (Ozlem et al., 2011) . In our study, isolates intermediate to 5-flumcytosine was attributed to Cluster I, and there was no drug resistance phenotype corresponding specific RAPD band compared with sensitive isolates. We assumed that because the isolates were in a drug sensitive/intermediate state, tiny changes of the gene were unable to affect genetic polymorphism (Chen et al., 2005; Ben Abdeljelil et al., 2011) . However, this result may also be affected by primer chosen and experiment cond-itions. Among the isolates insensitive to azoles, belonging to two different clusters, Samples 1 and 29 were intermediate to fluconazol and itraconazole respectively, suggesting the same drug resistance phenotype but different genetic polymorphisms. Sample 15 was resistant to fluconazol and voriconazole, intermediate to itraconazole. But there was no RAPD band in Sample 15, suggesting that gene sequence had changed so that the chosen primer was mismatched. Generally, the isolates insensitive to azoles showed apparent polymorphism and large genetic distance from each other, possibly due to multiple sequence variations on azoles drug resistance relative genes (Akortha et al., 2009; Bouqnoux et al., 2002) .
In conclusion, the value and reliability of RAPD analysis in complementing conventional identification procedures for fungi and in establishing types for use in epidemiological analyses will likely increase, and their profiles are included in an RAPD data base by computer system (Goodwipn and Anniss, 1991; Leal et al., 2010) . Quality of cluster analysis depends on the accuracy of distance estimation. First of all, by the comparison between every single species, evolutionary distance is deducted according to a certain assumption (evolutionary distance model) and the evolutionary distance matrix is under Xu et al. 2557 construction. Dendrogram construction is based on relationship of the evolutionary distance in the matrix. There are lots of ways to construct dendrogram, two of which are currently used: UPGMA and NJ method (Goodwipn and Anniss, 1991; Saran et al., 2008) . In our study, we figured out a dendrogram based on RAPD-PCR cluster data for C. albicans isolates by UPGMA and NJ method, and used Phylip 3.67 consense program for result optimizing. We found that two different cluster analyses showed the consistent result, which was reliable. However, it is just a beginning to apply RAPD to investigate the relationship between genotype and drug susceptibility of C. albicans. More epidemiology data and analysis are needed for its validation. In any case, confrontation of clinical and therapeutic data with set of molecular data, such as RAPD, would be useful for a better understanding of the epidemiological aspects of the Candidiasis infections.
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